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Description 

FIELD AND BACKGROUND OF THE INVENTION 

[0001] The present invention is generally in the field 
of orthodontics. 

[0002] W094/1 0935 describes a system and method 
by which orthodontic appliances are automatically de- 
signed and manufactured from digital lower jaw and 
tooth shape date of the individual. 
[0003] An orthodontic treatment has the objects of 
moving and reorienting teeth for both functional or aes- 
thetic purposes. In such a treatment, the orthodont plac- 
es a variety of orthodontic components on the teeth in- 
cluding brackets, which are firmly fixed to the teeth, and 
other components including wires, tensioning springs, 
etc., which apply forces and moments on the teeth, 
through the brackets, thereby causing the teeth to move. 
A major problem facing the orthodont is to predict the 
final outcome of the orthodontic treatment. Another 
problem to focus is to define the proper placement of 
the brackets and to select the proper force-inducing 
components to best yield the desired outcome. Current- 
ly, the design and predicting of orthodontic treatment is 
based mainly on the orthodonfs personal "look and feel" 
and prior experience skills. This approach is not only er- 
ror prone but also varies from one individual to the other, 
which is obviously undesired. 
[0004] There is accordingly a need in the art to provide 
the orthodont with a tool for visual demonstration, de- 
sign or predicting of possible outcome of an orthodontic 
treatment. Provided by the invention are method and 
system therefor, 

GENERAL DESCRIPTION OF THE INVENTION 

[0005] In the context of the present description and 
the appended claims, the term "movement" or "moving" 
refers to repositioning teeth, reorientating teeth, or both. 
The term 'orthodontic treatment 1 refers to a treatment 
intended to move at least one tooth; namely, an ortho- 
dontic treatment should be understood as encompass- 
ing a procedure where all or only part of the teeth (e.g. 
teeth of one jaw, a group of teeth in a section of a jaw, 
etc.) are moved. Furthermore, the term " orthodontic 
treatment refers both to a treatment intended to yield 
movement to reach a final, close to ideal outcome of the 
treatment as well as to an interim treatment yielding an 
interim position and orientation of the teeth. In other 
words, the term 'orthodontic treatment mentioned 
herein encompasses both a treatment from an initial 
stage, i.e. before the treatment began, through to a final 
stage; a treatment from an initial stage to an interim 
stage; as well as to a treatment from an interim stage to 
another interim or final stage. 
[0006] The term "virtual treatment (referred to also, 
occasionally as virtual orthodontic treatment) as used 
herein means an orthodontic treatment as simulated on 



a computer. A virtual treatment may use virtual compo- 
nents (i.e. 'component in the virtual computer environ- 
ment) such as brackets, wires, tensioning springs or 
rubber bands, corresponding to real components as 

5 used in a real life orthodontic treatment, but may also 
use components which are not normally used in real-life 
treatment; and also components used in real-life treat- 
ment but are used in the virtual treatment in a different 
manner. Thus, for example, a virtual orthodontic treat- 

10 ment may use wires which are not normally used in a 
real life orthodontic treatment; may use wires of a cross- 
section other than such used in a real-life orthodontic 
treatment; may combine wires and brackets in a manner 
whereby the brackets are biased towards a rotational 

15 movement around the axis of the wire which is usually 
not performed in a real-life orthodontic treatment; etc. It 
will therefore be understood that the result of virtual 
treatment is not necessarily the same as the actual real 
treatment. 

20 [0007] In the following, a method and system for vir- 
tual treatment is disclosed. Manual systems may be 
used by an orthodont to examine various alternative 
treatment paradigms and compare them to one another 
so as to see which one will yield the best result. For ex- 

25 ample, the orthodont may compare a treatment where 
one or more teeth are extracted to another treatment 
where all teeth are left in tact. In addition, the system 
and method of the invention may allow also the ortho- 
dont to select the orthodontic components which he will 

30 eventually use in the real-life treatment, to predict the 
course, time and cost of the treatment. This will all be 
clarified from the disclosure below. 
[0008] It will also become clear from the following dis- 
closure, the orthodontic treatment may be made to re- 

35 semble a real-life orthodontic treatment, although not 
necessarily so, and occasionally, the orthodontic treat- 
ment may use components or may apply a set of rules 
which are not directly applicable to real-life treatment. 
[0009] The present invention provides, by one of its 

40 aspects, a method for virtual orthodontic treatment, 
comprising: 

(a) providing a first virtual three-dimensional image 
indicative of a three-dimensional (3D) model of 

45 teeth from at least one jaw, the model being manip- 
ulate so as to allow its viewing from a desired di- 
rection; 

(b) selecting a virtual set of orthodontic compo- 
nents, and associating the components with the 

50 teeth of said first image so as to obtain a second 
image of said 3D model with said components as- 
sociated therewith; 

(c) using a set of rules, including at least one rule, 
defining the effect of said set of components on said 

55 teeth, computing the manner of movement of the 
teeth as a result of said effect, so as to obtain a third 
image comprising the teeth model following the vir- 
tual treatment. 
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[001 0] The set of orthodontic components selected in 
step (b) includes components which are capable of im- 
parting movement between at least two teeth. For ex- 
ample, the set may include at least two brackets and a 
wire, may include rubber bands or tensioning springs for 
forcing two teeth one against the other, etc. Typically, 
the set of orthodontic components includes for each jaw, 
typically, but not necessarily, about 5 to about 1 0 brack- 
ets in the case of a child's jaw, and between about 5 to 
about 1 6 in the case of an adult's jaw. 
[0011] The set of orthodontic components may be 
represented as an image which is similar to the (mage 
of the real orthodontic component, as seen in real life. 
However, orthodontic component may also be repre- 
sented by any other graphic representations. For exam- 
ple, the wire may be represented by a straight or curved 
line; a bracket may be represented by a rectangular 
frame,, etc. 

[0012] In accordance with some embodiments of the 
invention, the set of components includes brackets and 
a wire and the rule dictates that eventually all slots which 
receive the wire will be aligned with the wire where the 
latter is arranged as a splined curve indicative of the de- 
sired result of the virtual treatment. In other words, in 
this case the wire represents the desired results of align- 
ment of all slots following the virtual treatment. Thus, by 
such an embodiment a component which represents a 
real-life component, i.e. a wire, is used in a different 
manner than in a real-life treatment in that it dictates the 
result of the treatment. This embodiment thus illustrates 
a general principle in some embodiments of the inven- 
tion that while in a real-life treatment components act in 
combination to apply forces on teeth and the movement 
Is a result of such applied forces, in a virtual treatment 
of the invention, the components may also dictate the 
final result. However, this does not exclude a possibility, 
in accordance with some other embodiments of the in- 
vention, where the movement of the teeth is dictated by 
forces and moments, which in this case are the set of 
rules, which act on the teeth under influence of the dif- 
ferent components. 

[0013] Thus, as will be appreciated, occasionally, the 
component and the set of rules may be associated with 
one another. Taking the previously illustrated embodi- 
ment as an example, the component, which is a wire 
defining a splined curve, has with it an associated rule 
dictating that the brackets, with the associated teeth, 
should move, vertically, but possibly also horizontally, 
so that all brackets will eventually be positioned such 
that their respective slots are on the splined curve de- 
fined by the wire. In addition to the desired final result, 
the set of rules may also stipulate the computational al- 
gorithm defining the manner of movement of the teeth 
to yield said final result. 

[0014] The set of rules may also allow, for example, 
the removal of the tooth in certain circumstances. For 
example, in the case of crowdness, i.e. insufficient 
space for all teeth to assume an ideal position and ori- 



entation (a position and orientation such that the apex 
of all teeth are essentially on one splined curve), an in- 
terfering tooth may be removed. The removal may, by 
one embodiment, be automatic; by another embodi- 
5 ment, the user may decide in such a case which tooth 
is to be removed. 

[0015] As will be explained in greater detail below, the 
set of rules is not limited to a specific implementation. 
Thus, by way of example, the set of rules may be ex- 

10 tracted from a static set of rule database, or by way of 
another example from a dynamic learning database 
holding a rule base that may be adjusted depending up- 
on e.g. various characteristics of the individual patient 
that undergoes the treatment. 

15 [0016] The purpose of the virtual orthodontic treat- 
ment may be to change the relative orientation of the 
teeth, to change a distance between the teeth, to alter 
the inter-occlusion of distance between teeth of oppo- 
site jaws, etc. 

20 [0017] In accordance with one example, where the 
teeth are such that they do not fill the entire space in a 
jaw (namely with an edge of one tooth being in proximity 
to a neighbouring tooth), the set of rules may also allow 
the addition of a tooth, which may, in the case of a child's 

25 jaw, represent a tooth which has not yet grown or, in the 
case of an adult's jaw, a crown which may be implanted 
in a real -ife treatment. 

[0018] Steps (b) and (c) may be repeated a plurality 
of times until obtaining a desired result of the virtual 
30 treatment. In a repeated step (b), a component already 
selected in a previous step may associated with the 
teeth model in a different manner, e.g. applying it on a 
different tooth, orienting it on a tooth in a different man- 
ner, etc.; or new components may be selected, e.g. new 
35 brackets, new rubber bands, a different wire; etc. 
[001 9] The 3D teeth model may be of all teeth in a jaw, 
may be a model of teeth of both jaws, may be a model 
of part of the teeth of one or both jaws. 
[0020] Theterm "associating* as used herein denotes 
<o the entire range of combining orthodontic components 
with teeth and to typically (but not necessarily) in a man- 
ner that stimulates combination thereof in real life treat- 
ment. Typical, but not exclusive examples, being: at- 
taching brackets to teeth at different positions or orien- 
ts tations; fixing a wire into the bracket's wire-receiving 
slot; sliding the bracket and the wire one with respect to 
another, changing the angle of the wire-receiving slot 
within the bracket so as to change the torque or moment 
between the wire and the bracket; fixing a tensioning 
so spring or band around two adjacent teeth; etc. The wire 
chosen within the framework of the virtual treatment 
may have various geometries, e.g. straight or spline- 
curved, and various cross-sectional shapes, e.g. circu- 
lar, oval, rectangular, etc. (usually to track the ideal cur- 
55 vature of the teeth arrangement in a jaw). 

[0021] In accordance with another aspect of the in- 
vention, there is provided a method for designing ortho- 
dontic treatment of teeth from at least one jaw, compris- 
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ing: 

(a) providing a virtual three-dimensional image in- 
dicative of a three-dimensional model of the teeth 
in a manner allowing manipulation of the model for 
viewing the model from a desired direction; 

(b) selecting a virtual set of orthodontic components 
corresponding to those intended to be used in said 
orthodontic treatment and associating the compo- 
nents with the teeth of said first image so as to ob- 
tain a second image of said three-dimensional mod- 
el with said components associated therewith in a 
manner representing the manner in which said com- 
ponents and the teeth may be combined in said or- 
thodontic treatment; 

(c) using a set of rules, including at least one rule, 
defining the manner in which said components af- 
fect movement of the teeth, so as to obtain a third 
image comprising the teeth model after movement 
of the teeth affected by said components; 

(d) repeating steps (a) and (c) until a desired third 
image is obtained, which desired third image repre- 
sents a desired position and orientation of teeth fol- 
lowing the orthodontic treatment; 

(e) recording said second image which yields, fol- 
lowing step (c), the desired third image and using it 
as a basis for designing the orthodontic treatment. 

[0022] In addition to allowing a design of the treat- 
ment, the method in accordance with the second aspect 
may also be used to predict the length of the treatment 
as well as its costs. 

[0023] By a further aspect the present invention pro- 
vides a system for a virtual orthodontic treatment, com- 
prising: 

(a) storage means capable of storing a first virtual 
three-dimensional image indicative of a three-di- 
mensional model of teeth of at least one, substan- 
tially entire jaw; 

(b) user interface for enabling selection of a virtual 
set of orthodontic components; 

(c) processor capable of at least: 

(d ) manipulating said three-dimensional mod- 
el to allow its viewing from a desired direction, 
(c2) associating said set with the teeth of said 
first image to obtain a third image of said three- 
dimensional model with said components as- 
sociated therewith, and 
(c3) applying a set of rules, including at least 
one rule, determining effect of said components 
on the teeth so as to cause virtual movement 
of the teeth as a result of association with said 
components to obtain a third teeth model; and 

(d) display means for displaying the images. 



[0024] Regardless of the aspect under consideration, 
the generation of virtual three-dimensional image may 
be obtained, e.g by following the technique described in 
PCT Publication No. WO 97/03622, the contents of 

s which is incorporated herein by reference. 

[0025] By a still further aspect the present invention 
provides an apparatus having a memory which contains 
a digital image representing a three-dimensional teeth 
model following a virtual orthodontic treatment, which 

10 image was generated by any of the above methods. 
[0026] By a further aspect there is provided a memory 
for storing data for access by an application program, 
implementing the steps (b)-(c) according to a method of 
each of the above aspects; the application program be- 

15 ing executed on a data processing system; the data rep- 
resenting a first virtual three-dimensional image, indic- 
ative of the three-dimensional model of teeth of one jaw. 
Also provided is a memory for storing data representing 
a second virtual three-dimensional image, obtained by 

20 implementing the above method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] For a better understanding, the invention will 
25 now be described by way of example only with reference 
to the annexed drawings in which: 



Fig. 1 illustrates two components, a bracket and a 
wire, selectable by the user in a virtual treatment in 
30 accordance with one embodiment of the invention; 
Fig. 2 is a cross-sectional view along line l-l in Fig. 
2; 

Fig. 3 is the same cross-sectional view as in Fig 2, 
after change in the slot angle; 

35 Fig. 4 illustrates one view of user interface, accord- 
ing to an embodiment of the invention; 
Fig. 5A is a block diagram illustrating the manner 
of defining a brackets for use in the framework of 
virtual treatment in accordance with an embodiment 

40 of the invention; 

Figs. 5B-5D illustrate the brackets as viewed in var- 
ious steps of the selection process; 
Fig. 6A is a block diagram illustrating the manner 
of defining a wire for use within the framework of a 

45 virtual treatment in accordance with an embodiment 
of the invention; 

Figs. 6B and Fig 6C illustrate the manner in which 
the wire is viewed in various steps of the process of 
Fig. 6a; 

so Fig. 7 is a block diagram illustrating the manner of 
attaching the brackets onto teeth in the virtual treat- 
ment, in accordance with an embodiment of the in- 
vention; 

Fig. 8 is a block diagram illustrating the steps of 
55 matching wires to jaws and vertical movement of 
teeth to a position dictated by the wire; 
Fig. 9 is a block diagram illustrating the steps of hor- 
izontal movement of teeth in the case of crowdness, 
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i.e. collision between teeth; 
Fig. 1 0A is a block diagram illustrating the steps of 
matching wires to a jaw, in accordance with another 
embodiment of the invention, and movement of 
teeth as a result of virtual forces exerted by the wire 5 
or the teeth; and 

Fig. 10B and 10C illustrate the manner in which the 
association between the wire and the teeth is 
viewed in two steps of the process of Fig. 1 0A. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] The present invention provides a method and 
system for virtual movement of teeth using the frame- 
work or a set of rules from which is based in real life, 
although not necessarily identical. 
[0029] In the following, the invention may at times be 
described with a reference made to various physical en- 
tities, such as tt jaW\ "bracket 1 , "wire", "band", etc. It 
should, however, be understood that it implies, in most 
cases, to a representation of these entities that is used 
in the virtual treatment. There are some exceptions 
where reference is made to real physical objects, which 
fact may clearly be inferred based on the context. 
[0030] Teeth movement in a virtual, computerized 3D 
environment for the purpose of planning an orthodontic 
treatment or for any other purpose, is a complicated task 
if this is being performed using hitherto known tech- 
niques. The use of techniques known to the orthodont 
from a real orthodontic treatment, simplifies this virtual 
orthodontic treatment. 

[0031] The virtual treatment may be required, at 
times, to allow the orthodont to determine a potential 
outcome of orthodontic treatment. For such a purpose, 
the virtual treatment need not necessarily follow a 
course to be followed by the real orthodontic treatment 
since the focus may be only on the final outcome, name- 
ly on the final position and orientation of the teeth fol- 
lowing the treatment. In such a treatment, the orthodont 
may utilize orthodontic components and combination 
between such components, even such not used in real 
life orthodontic treatment. Examples are a selection of 
a wire with a different geometry than that used in real 
life or, change in the slot angle within the brackets so as 
to yield an angular moment on the teeth about the axis 
of the wire (see Fig. 3). 

[0032] If, however, a virtual treatment is intended to 
simulate the real treatment for the purpose of treatment 
design, preferably (but not necessarily), only orthodon- 
tic components which simulate those used in real life 
orthodontic treatment, will be used. 
[0033] in a typical yet not exclusive sequence of op- 
eration in virtual treatment, the user first selects brack- 
ets and places them at appropriate positions on the sur- 
face of selected teeth, usually ali teeth of thejaw. In most 
cases brackets are placed on the buckal teeth surface; 
however, occasionally, in the virtual treatment brackets 
may alternatively or additionally be placed on lingual 



surfaces of the teeth (this may also be followed at times 
in real life orthodontic treatment). 
[0034] At a next step, the user may define the final 
desired distance between the teeth (the default is usu- 
ally zero) and then selects an arch-wire from a library of 
such wires. The library may include wires of different 
widths, different cross-sectional shapes, and different 
geometries. Optionally, it is possible also to change the 
geometry of the selected wire, e.g. to make it to follow 
a tortous path in a vertical and/or a horizontal plane, etc. 
[0035] Thereafter, the wire may be associated with 
the teeth model, for example, by combining them with 
virtual brackets fitted on the teeth surface or by attaching 
them first to virtual anchoring molars, and then to virtual 
brackets, etc. The effect of the components on each 
tooth is thereafter computed by the system, based on 
the set of rules to determine the outcome of the virtual 
treatment. 

[0036] If the virtual treatment uses components which 
simulate real-life components, once an optimal result of 
virtual treatment is reached, the parameters, namely the 
type of components which were used and the manner 
they were combined with one another and with the teeth 
model, may be recorded and this may then used to gen- 
erate a prescription for the orthodontic treatment. Such 
a prescription may specify the type of components used, 
the exact position of each component, e.g. the position 
of the bracket on each tooth, etc. 
[0037] The virtual treatment may obviously also pro- 
vide a tool to estimate the treatment length and costs. 
[0038] The invention will now be further illustrated 
with reference to some specific, non-limiting embodi- 
ments, with reference to the annexed drawings. 
[0039] Figs. 1-3 show examples of a set of compo- 
nents which can be used in accordance with an embod- 
iment of the invention. In this specific embodiment, the 
components consist of a bracket 20 and wire 22 fixed 
on a surface of a tooth 24, of which only a portion thereof 
represented by a rectangle is seen. The user has free- 
dom of choice of the exact position of attachment of the 
bracket 20 on the surface of the tooth 24 and also can 
slide wire 20 in a longitudinal axis within the receiving 
slot 26 of the bracket, as represented by the bi-direc- 
tional arrow 28. 

[0040] The wire and the bracket may be associated 
with one another in different relative orientations. In the 
example shown in Figs. 1 and 2, the wire, which in this 
case has a rectangular cross-section, is received in a 
slot with walls parallel and normal to the tooth's surface. 
By some embodiments of the invention it is possible to 
change the angle of slot 26 about its central axis, as 
represented by arrow 30, in Fig. 2 to yield a state such 
as that shown in Fig. 3, wherein wire 22' has a different 
angular orientation, with respect to bracket 20', thereby 
applying a moment onto tooth 24'. 
[0041 ] Fig. 4 shows an example of an embodiment of 
one out of many possible variants of a user interface for 
realizing the initial component selection steps. The user 
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can select the brackets from a library of brackets, and 
similarly can select wires, bands etc. from correspond- 
ing libraries. In addition, the user has the ability to de- 
termine the type of forces and their direction which will 
act on each tooth. 

[0042] Fig. 5A illustrates the manner of defining a 
bracket for use in subsequent virtual treatment steps. In 
this process, the bracket is defined with respect to a rel- 
ative; coordinate system to allow its subsequent asso- 
ciation with the wire, thus defining a "SLOT frame of 
reference; (illustrated graphically in Figs. 5B and 5C) as 
well as to define another coordinate system to facilitate 
attachment of the bracket to the teeth, thus defining the 
"BOND" reference frame (illustrated graphically in Fig. 
5D). 

[0043] Although the steps of bracket definition are typ- 
ically carried once, while creating the bracket library, it 
may also be repeated prior to each virtual treatment step 
while selecting brackets for the treatment. 
[0044] Fig. 6A illustrates the steps of choosing a wire 
and defining it such that it can be subsequently used in 
the framework of virtual treatment. A wire is selected, 
its initial curve is defined (illustrated graphically in Fig. 
6B) and then the wire is placed in a relative coordinate 
system (illustrated graphically in Fig 6C), so as to define 
a "WIRE* frame of reference, for subsequent use. Ob- 
viously, as will be appreciated, the x-y-z coordinate sys- 
tem of the "WIRE'irame of reference should correspond 
to the x-y-z coordinate system of the "SLOT reference 
frame. 

[0045] Fig. 7 illustrates the steps of attachment of a 
bracketonto atooth. A teeth model is acquired, brackets 
are selected from the library and each bracket is placed 
on a tooth using the "BOND* reference frame, such that 
the z axis of the BOND frame of reference is perpendic- 
ular to the surface. Once the bracket is placed at the 
desired location, it is both fixed in this location and then 
the process is repeated a plurality of times in accord- 
ance with the number of brackets to be placed on the 
teeth. 

[0046] Fig. 8 illustrates the steps of matching the 
wires to the jaws. The wires are selected from a library, 
and placed so that their spline curve will match that of 
the jaw or their spline curve may at times be edited to 
amend it in accordance with the particulars* parameters 
of the jaw in a particular teeth model. In the specific Ex- 
ample shown, the process is first performed for the up- 
per jaw and then for the lower Jaw, although it will be 
appreciated that this sequence may be altered, e.g. re- 
versed, performed intermittently in the upper and lower 
jaws, etc. 

[0047] In this specific embodiment, the orientation 
and position of the wire dictates the final result, i.e. final 
alignment of all slots in the bracket. In other words, in 
this specific embodiment a set of rules applied in the 
virtual treatment includes, at minimum, a requirement 
for vertical realignment of the slots, and hence of the 
teeth to which they are attached, so that ail slots will 



arrive to the wire. The set of rules also dictate how to 
accomplish this result. Put differently, as a result of the 
virtual treatment, in the final orientation which will be ac- 
complished in the resulting teeth model, the wire will re- 

5 main at the same position and the teeth displaced such 
that the wire snaps into the slots of the bracket. This 
procedure is illustrated in Fig. 8., where the set of rules 
is dictated in blocks 81 and 82. 
[0048] Another set of rules which can be applied in 

10 case of collision between the teeth, i.e. incase of crowd- 
ness. This is illustrated in Fig. 9 where the teeth are 
moved horizontally by sliding along the wire, to avoid 
such collision. The manner in which the virtual treatment 
is performed may allow also some user intervention . For 

15 example, the user can define some teeth which may 
have to remain stationary, and others which are allowed 
to move. Alternatively, the system may have a wider de- 
gree of freedom, to allow sideways movement of all 
teeth. As also illustrated in Fig. 9, it is possible in this 

20 process to provide the user with an additional degree of 
freedom, which involves changing the position and/or 
orientation of the bracket on the tooth surface. 
[0049] Fig. 1 0 illustrates another embodiment of teeth 
movement within the framework of a virtual treatment of 

25 the invention. As illustrated in Fig. 10A, wires are ob- 
tained, positioned in proximity of the jaw (illustrated 
graphically for the upper jaw in Fig. 10B), its shape ed- 
ited so as to attach to the brackets on the teeth (illus- 
trated graphically in Fig. 10C) and then the forces ap- 

30 plied by the wire on the teeth are calculated and the final 
position of the teeth obtained can then be stored. 
[0050] The present invention has been described with 
a certain degree of particularity but it should be under- 
stood that various modifications and alterations may be 

35 made without departing from the scope of the invention 
as defined by the following claims: 



Claims 

40 

1 . A method for virtual orthodontic treatment, compris- 
ing: 

(a) providing a first virtual three-dimensional 
45 image indicative of a three-dimensional (3D) 

model of teeth from at least one jaw, the model 
being manipulate so as to allow its viewing 
from a desired direction; 

(b) selecting a virtual set of orthodontic compo- 
50 nents, and associating the components with the 

teeth of said first image so as to obtain a second 
image of said 3D model with said components 
associated therewith; 

(c) using a set of rules, including at least one 
55 rule, defining the effect of said set of compo- 
nents on said teeth, computing the manner of 
movement of the teeth as a result of said effect, 
so as to obtain a third image comprising the 
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teeth model following the virtual treatment. 

2. A method according to Claim 1 , wherein steps (b) 
and (c) are repeated a plurality of times until obtain- 
ing a desired result of the virtual treatment. 



5. The system according to claim 4 further comprising 
a memory which contains a digital image represent- 
ing a three-dimensional teeth model following a vir- 
tual orthodontic treatment, which image is generat- 
ed by the method of any one of Claims 1 -3. 



3. A method according to claim 1 . wherein 

(i) said virtual treatment is performed for the 
purpose of designing an orthodontic treatment 10 
of teeth of at least one jaw; 

(ii) step (b) comprises selecting a virtual set of 
orthodontic components corresponding to 
those intended to be used in said orthodontic 
treatment and associating the components with 15 
the teeth of said first image so as to obtain a 
second image of said three-dimensional model 
with said components associated therewith in 

a manner representing the manner in which 
said components and the teeth may be com- 20 
bined in said orthodontic treatment; and further 
comprising the steps 

(d) repeating steps (a) and (c) until a desired 
third image is obtained, which desired third im- 
age represents a desired position and orienta- 25 
tion of teeth following the orthodontic treat- 
ment: 

(e) recording said second image which yields, 
following step (c), the desired third image and 
using it as a basis for designing the orthodontic 30 
treatment. 

4. A system for a virtual orthodontic treatment, com- 
prising: 

35 

(a) storage means capable of storing a first vir- 
tual three-dimensional Image indicative of a 
three-dimensional model of teeth of at least 
one, substantially entire jaw; 

(b) user interface for enabling selection of a vir- 40 
tual set of orthodontic components; 

(c) processor capable of at least: 

(d)manipulating said three-dimensional 
model to allow its viewing from a desired 45 
direction, 

(c2)associating said set with the teeth of 
said first image to obtain a third image of 
said three-dimensional model with said 
components associated therewith, and so 
(c3)applying a set of rules, including at 
least one rule, determining effect of said 
components on the teeth so as to cause vir- 
tual movement of the teeth as a result of 
association with said components to obtain 55 
a third teeth model; and 

(d) display means for displaying the images. 



6. The system according to claim 4 further comprising 
memory for storing data for access by an applica- 
tion program implementing the steps (b)-(c) accord- 
ing to any one of Claims 1-3; the application pro- 
gram being executed on a data processing system; 
the data representing a first three-dimensional Im- 
age indicative of a three-dimensional (3D) model of 
teeth from at least one jaw. 



Patentansprtiche 

1. Verfahren zur virtuellen kieferorthopadischen Be- 
handlung, umfassend: 

(a) die Schaffung eines ersten virtuellen dreidi- 
mensionalen Abbildes, welches das dreidimen- 
sionale (3D) Modell eines Zahnes zumindest 
eines Kiefers anzeigt, wobei das Modell so ma- 
nipuliert werden kann, dass es aus einer ge- 
wunschten Richtung betrachtet werden kann; 

(b) Auswahlen eines virtuellen Satzes von kie- 
ferorthopadischen Komponenten und Verbin- 
den der Komponenten mit den Zahnen des er- 
sten Abbildes, urn ein zweites Abbild des 
3D-Modells mit den zu diesem zugehorigen 
Komponenten zu erhalten; 

(c) Verwenden eines Satzes von Regeln, um- 
fassend zumindest eine Regel, welche die Wir- 
kung des Satzes von Komponenten auf die 
Zahne def iniert, und Berechnen der Art der Be- 
wegung der Zahne als ein Ergebnis dieserWir- 
kung, urn ein drittes Abbild zu erhalten, welches 
das Modell der Zahne als Folge der virtuellen 
Behandlung umfasst, . 

2. Verfahren nach Anspruch 1 , worin die Schritte (b) 
und (c) mehrere Male wiederholt werden, bis ein ge- 
wunschtes Ergebnis der virtuellen Behandlung er- 
halten wird. 

3. Verfahren nach Anspruch 1 , worin 

(i) die virtuelle Behandlung zu dem Zweck 
durchgefuhrt wird, dass eine kieferorthopadi- 
sche Behandlung von Zdhnen zumindest eines 
Kiefers geplant wird; 

(ii) Schritt (b) das Auswahlen eines virtuellen 
Satzes kieferorthopadischer Komponenten, 
die jenen entsprechen, die zur Verwendung in 
der kieferorthopaidischen Behandlung vorge- 
sehen sind, und das Verbinden der Komponen- 
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ten mit den Zahnen des ersten Abbildes, urn ein 
zweites Abbild des dreidimensionalen Modetls 
mit zu diesem zugehorigen Komponenten zu 
emarten, ineinerWeise, beiderdieKomponen- 
ten und die Zahne in der kieferorthopadischen 5 
Behandlung kombiniert werden konnen, um- 
fasst; und des Weiteren umfassend die Schrit- 
te: 

(d) Wiederholen der Schritte (a) und (c), bis ein 
gewunschtes drittes Abbild erhaften wird, we!- 10 
ches gewunschte dritte Abbild eine gewunsch- 

te Positionierung und Orientierung von Zahnen 
als Folge der kieferorthopadischen Behand- 
lung darstellt: 

(e) Aufzeichnen des zweiten Abbildes, was auf 15 
Schritt (c) folgend das gewunschte dritte Abbild 
ergibt, und Verwenden dieses Abbildes als eine 
Basis zur Planung der kieferorthopadischen 
Behandlung. 

20 

4. System zur virtuellen kieferorthopadischen Be- 
handlung, umfassend: 

(a) ein Speichermittel mit der Fahigkeit zur 
Speicherung eines ersten virtuellen dreidimen- 25 
sionalen Abbildes, das ein dreidimensionales 
Model! von Zahnen zumindest eines im We- 
sentlichen vollstandigen Kiefers anzeigt; 

(b) eine Benutzerschnittstelle zum Ermogli- 
chen der Auswahl eines virtuellen Satzes kie- 30 
ferorthopadischer Komponenten; 

(c) einen Prozessor, der in der Lage ist, zumin- 
dest: 

(c1)das dreidimensionale Modell zu mani- 35 
pulieren, urn dessen Betrachtung aus einer 
gewunschten Richtung zu gestatten 
(c2)den Satz mit den Zahnen des ersten 
Abbildes zu verbinden, urn ein drittes Ab- 
bild des dreidimensionalen Modells mit *o 
den zu diesem zugehorigen Komponenten 
zu erhalten, und 

(c3)einen Satz von Regeln, umfassend zu- 
mindest eine Regel, die die Wirkung der 
Komponenten auf die Z§hne bestimmt, an- *5 
zuwenden um eine virtuelle Bewegung der 
Zahne als ein Ergebnis der Verbindung mit 
den Komponenten zu verursachen, um ein 
drittes Zahnmodell zu erhalten; und 

50 

(d) ein Anzeigemittel zum Anzelgen der Abbil- 
der. 

5. System nach Anspruch 4, ferner umfassend einen 
Speicher, der ein digitales Abbild enthalt, welches 55 
ein dreidimensionales Zahnmodell, als Folge einer 
virtuellen kieferorthopadischen Behandlung dar- 
stellt, wobei das Abbild durch das Verfahren nach 



einem der Anspruche 1 -3 erzeugt wird. 

6. System nach Anspruch 4, ferner umfassend einen 
Speicher zum Speichern von Daten fur den Zugriff 
durch ein Anwendungsprogramm, welches die 
Schritte (b)-(c) nach einem der Anspruche 1-3 im- 
plementiert, wobei das Anwendungsprogramm auf 
einem Datenverarbeitungssystem ausgefuhrt wird, 
und die Daten ein erstes dreidimensionales Abbild 
darstellen, das ein dreidimensionales (3D)- Modell 
von Zahnen zumindest eines Kiefers anzeigt. 



Revendlcations 

1. Precede de traitement orthodontique virtue!, com- 
prenant les operations suivantes : 

(a) fournir une premiere image virtuelle tridi- 
mensionnelle qui est indicative d'un modele tri- 
dimensionnel (3D) de dents d'au moins une 
m&choire, le modele pouvant etre manipule de 
facon a permettre son observation selon une 
direction voulue ; 

(b) selectionner un ensemble virtuel de compo- 
santes orthodontiques et associer les compo- 
santes avec les dents de ladite premiere image 
de facon a obtenir une deuxieme image dudit 
modele 3D a laquelle lesdits composantes sont 
associees ; 

(c) utiliser un ensemble de regies, qui comporte 
au moins une regie, definissant I'effet dudit en- 
semble de composantes sur lesdites dents, cal- 
culer la maniere dont se deplacent les dents du 
fait dudit effet, de facon a obtenir une troisieme 
image comprenant le modele de dents obtenu 
a la suite du traitement virtuel. 

2. Proced6 selon la revendication 1 , ou on repete les 
operations (b) et (c) plusieurs fois jusqu'a obtention 
du resultat souhaite pour le traitement virtuel. 

3. Procede selon la revendication 1 , ou : 

(i) on effectue ledit traitement virtuel dans le but 
de concevoir un traitement orthodontique de 
dents d'au moins une machoire ; 

(ii) I'operation (b) comprend les op6rations con- 
sistant a selectionner un ensemble virtuel de 
composantes orthodontiques correspondent a 
cedes desttnees a etre utilisees dans ledit trai- 
tement orthondique et a associer les compo- 
santes avec les dents de ladite premiere image 
afin d'obtenir une deuxieme image dudit mode- 
le tridimensionnel a laquelle lesdites compo- 
santes sont associees d'une maniere qui repre- 
sente la maniere suivant laquelle les compo- 
santes et les dents peuvent dtre combinees 
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dans ledit traitement orthodontique ; et com- 
prenant en outre les operations suivantes : 

(d) rep6ter les operations (a) et (c) jusqu'a 
obtention d'une troisieme image voulue, la- 5 
quelle troisieme image voulue represente 

la position et i'orientation voulues des 
dents a la suite du traitement 
orthodontique ; 

(e) enregistrer ladite deuxieme image, la- '0 
quelle produit, suite a ('operation (c), la troi- 
sieme image voulue et utiiiser celle-ci com- 

me base pour concevoir le traitement or- 
thodondique. 

15 

4. Systeme pour traitement orthodontique virtuel, 
comprenant : 

(a) un moyen de stockage pouvant stocker une 
premiere image virtuelle tridimensionnelle indi- 20 
cative d'un modele tridimensionnel de dents 
d'au moins une mfichoire sensiblement toute 
entiere ; 

(b) une interface d'utilisateur servant a permet- 

tre la selection d'un ensemble virtuel de com- 25 
posantes orthodontiques ; 

(c) un dispositif de traitement pouvant au 
moins : 



mettant en oeuvre les operations (b) a (c) de Tune 
quelconque des revendications 1 a 3 ; le program- 
me d'application etant execute sur un systeme de 
traitement de donnees ; les donnees representant 
une premiere image tridimensionnelle d'un modele 
tridimensionnel (3D) de dents d'au moins une ma- 
choire. 



(d ) manipuler ledit troisieme modele tridi- 30 
mensionnel de facon a permettre I'obser- 
vation selon une direction voulue, 
(c2) associer ledit ensemble avec les dents 
de ladite premiere image afin d'obtenir une 
troisieme image dudit modele tridimen- 35 
sionnel auquel lesdites composantes sont 
associees, et 

(c3) appiiquer un ensemble de regies, qui 
comporte au moins une regie, determinant 
I'effet desdites composantes sur les dents *o 
de maniere a provoquer un mouvement vir- 
tuel des dents du fait de i'association avec 
lesdites composantes, pour obtenir un troi- 
sieme modele de dents ; et 

45 

(d) un moyen d'affichage servant a afficher les 
images. 

5. Systeme selon la revendication 4, comprenant en 
outre une memoire qui contient une image numeri- so 
que representant un modele de dents tridimension- 
nel suite a un traitement orthodontique virtuel , ladite 
image etant produite par le proc6d6 de Tune quel- 
conque des revendications 1 a 3. 

55 

6. Systeme selon la revendication 4, comprenant en 
outre une memoire servant a stocker des donnees 
permettant I'acces par un programme d'application 
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SEE 
FIG.5B 



INPUT BRACKET. 



PLACE XYZ COORDINATE SYSTEM 
(FRAME) AT THE CENTER OF GRAVITY OF 
THE WIRE SLOT OF THE BRACKET. 



ORIENT THE FRAME SUCH THAT X IS 
ALONG THE SLOT AND Z POINTS. OUT OF 
THE SLOT. IN THE DIRECTION OF THE 
INSERTIOF OF THE WIRE. 



MOVE THE ORIGIN OF THE FRAME IN ITS 
-2 DIRECTION UNTIL TOUCHING THE 
BASE OF THE SLOT. 



DESIGNATE THE FRAME AS "SLOT" 



PLACE ANOTHER FRAME ON THE BACK 
SURFACE OF THE BRACKET AT THE CENTER 
OF GRAVITY OF THE BACK SURFACE. 



SEE 
FIG.5C 



SEE 
FIG.5D 



ORIENT THE FRAME SUCH THAT X IS 
PARALLEL TO THE X OF "SLOT" AND Z 
PERPENDICULAR TO THE BACK SURFACE. 



DESIGNATE THE FRAME AS 'BOND". 



STORE THE BRACKET WITH "SLOT" 
AND "BOND". 



FIG.5A 
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INPUT WIRE. 



DEFINE A SPLINE CURVE THAT 
GOES ALONG THE INNER SIDE 
OF THE WIRE FROM THE 
BEGINNING TO END. 



PLACE A FRAME AT THE CENTER 
OF GRAVITY OF SPLINE. 



ORIENT THE FRAME SUCH THAT 
Z IS PERPENDICULAR TO THE 
PLANE AT WHICH THE WIRE LAYS 
AND X POINTS TOWARDS THE 
POINT BETWEEN THE TWO ENDS 
OF THE SPLINE. 



DESIGNATE THE FRAME 
AS "WIRE". 



STORE THE WIRE WITH "WIRE" 



FIG.6A 




FIG.6B FIG 
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INPUT MOUTH MODEL. 
GET BRACKET. 



REPEAT UNTIL GETTING 
ALL REQUIRED BRACKETS. 



PLACE BRACKET ON A 
SELECTED TOOTH SUCH 
THAT "BOND" OF THE 
BRACKET IS ON THE 
BUCKLE SURFACE OF 
THE TOOTH AND Z OF 
"BOND" IS PERPENDICULAR 
TO THE SURFACE. 



ATTACH BRACKET 
TO TOOTH. 



GET UPPER WIRE. 



I 



PLACE WIRE RELATIVELY 
TO UPPER JAW. 



GET LOWER WIRE. 



FIG.7 



PLACE WIRE RELATIVELY 
TO LOWER JAW. 



EDIT WIRES SHAPE 
ACCORDING TO DESIRED 
DENTAL ARCH FORMS. 
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SELECT FIRST UPPER 
TOOTH WITH BRACKET. 








CALCULATE POINT ON 
SPLINE OF UPPER WIRE 

FROM WHICH DISTANCE 
TO ORIGIN OF "SLOT" OF 

ATTACHED BRACKET TO 
TOOTH IS MINIMAL 


• 







MOVE TOOTH SUCH THAT 
ORIGIN OF "SLOT IS ON 
THE CALCULATED POINT, 

Z OF "SLOT" IS ON THE 
XY PLANE OF "WIRE" OF 
UPPER WIRE AND X OF 
"SLOT" TANGENTS THE 
SPLINE OF UPPER WIRE. 



I 





SELECT NEXT UPPER 
TOOTH WITH BRACKET. 




1 1 




REPEAT THE SAME 
PROCESS WITH LOWER 
TEETH AND WIRE. 



FIG.8 



REPEAT FOR ALL 

UPPER TEETH 
WITH BRACKETS. 
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REPEAT UNTIL 
DESIRED TEETH 
ARRANGEMENT 
IS OBTAINED. 



DEFINE UPPER 
ANCHORED TEETH. 







CHANGE WIRE SHAPE SUCH 
THAT ALL TEETH BUT 
ANCHORED ONES SLIDE ALONG 
WIRE SUCH THAT THERE IS NO 

COLLISION BETWEEN TEETH. 





I 


CHANGE POSITION AND 
ORIENTATION OF BRACKET ON 
BUCCAL SURFACE. 










REPEAT THE SAME PROCESS 
FOR LOWER TEETH AND 
LOWER WIRE. 




i 


STORE 


MODEL. 



FIG.9 
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REPEAT UNTIL 
DESIRED TEETH 
MOVEMENT IS 
OBTAINED 



FIG. 1 OA 



GET UPPER WIRE. 

I 



SEE 




PLACE WIRE RELATIVELY 


FIG. 1 0B 




TO UPPER JAW. 






i 


SEE 




FORCE WIRE INTO BRACKETS 


FIG. 1 0B 




AND ATTACH IT TO BRACKET. 



I 



GET LOWER WIRE. 

i 



PLACE WIRE RELATIVELY 
TO LOWER JAW. 

t 



FORCE WIRE INTO BRACKETS 
AND ATTACH IT TO BRACKET. 



I 



SELECT UPPER JAW. 



CALCULATE FORCES EXERTED 
BY THE WIRE ON EACH TOOTH. 



± 



MOVE EACH TOOTH A SMALL 
INCREMENT CONSIDERING THE 
FORCES EXERTED BY THE 
WIRE AND THE RESISTANCE 
OF THE TOOTH FOR MOVEMENT. 



REPEAT THE SAME PROCESS 
FOR LOWER JAW. 



I 



STORE MODEL. 
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